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(57) Abstract: 



PURPOSE: A chemical vapor 
deposition equipment is provided 
which is capable of depositing a thin 
film at a relatively low temperature by 
heating the thin film layer using 
microwave when depositing the thin 
film, and a thin film manufacturing 
method using the equipment is 
provided. 

CONSTITUTION: In a chemical vapor 
deposition equipment comprising a 
control part for controlling amount of a 
reaction gas flown into a furnace and 
speed of the reaction gas, a heating 
part for heating the furnace, and a 
vacuum part for maintaining the 
furnace to the vacuum state, the 
chemical vapor deposition equipment 
is characterized in that the heating 
part comprises a microwave generator 
(E). The thin film manufacturing 
method comprises the process of 
activating reaction gas during 
deposition of a thin film and reducing 
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stress generation on the interface between a substrated 0) and the thin film by heating 
temperature inside a furnace using a chemical vapor deposition equipment comprising a 
microwave generator in a heating part, wherein the microwave generator has an output 
frequency between 15 MHz and 2.45 GHz, the microwave generator has an output between 
250 W and 250 kW, the thin film is deposited using the substrate having a dissipation 
factor of 0.00004 or more, the thin film is deposited using a substrate having dielectric 
constant of 3.0 or more, a transparent ceramic substrate is used as the substrate, and a 
material deposited on the thin film layer is a semiconductor material comprising silicon (Si) 
or germanium (Ge). 
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fief 

^ ssoi Ai^se e^oii ^ot*i }ie ^eoii ?sbdii samoi ysuixiiB m^mM3\n oietg em 
bin^ etoiiAH e^Ai^m y§g ji&oii mch ^mum josh^h, g» 

S01I ^e^M ^CH ^ Mil feOI^Ol Ah0| CHI Ai »4B»te ^Mfiil^B ^01^3, Dl&m 01 ^A| 31 XI 

#3 ^15 2i Oil AH CHyii (annealing)^ V ^ Site SWgsf §x| §J 3 §TxlS 0|g°[ ^X||£ & 



CHS£ 

UI3S. ^SBIIKmicrowave). Si, A[H\0\0\, CVD 

SAIlAi 

SE 18 B V9 0II EEf^ S»2| 

£ 2^ RPCVD ei-CHI ^01*! ^§5 Ui¥°J ^S&EHSOICL 



S ^S§ SWS^SXI SU 3 9*1 ■ 0ISS a^ef HI 5 Oil 3» ^°SAi, SCf ^AJIoMlfe SW« 1^ (01 ^ 
sBIIKmicrowave)g AhgS^OI ^^ii 3^oK)1 dlB^ ^8 SEOII/H HW« S*tAISI ^ £f£^^Sx| ^ 
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MBo\0\ M^o\£t XlIM^^ DRAMHI- US OiieSJ gSxH dlSxl(CPU), CCD(Charge Coupled 
Device), TFT LCD(Thin Film Transistor Liquid Crystal Display) 3ai:Q SOKSilicon On lnsulator)2f 1^8 Ojai XIIM 
01 «Q. 01 11 CHI AH DRAM 01 U CPU MS ^£1^ ^1 01 ffl (silicon wafer) CHI ^dl^ g^o^ S§1 Olgof 

}| EH^OII, tiling HfQt g^0| £XI£h TFT LCDU SOI2J 3?, ^ai^OI OFt! 1*231 91 Oil ^ai^g g^&HO* 

sf°s mij §s ^yai^e g^sppi- o^ ch^u. dh^u. tft lcd^ msm d\& 9\qu tft stois m^mot si 
^ai^ #2j saoi §xi &u. 

u|D|oj ^q|oj ggaaf xi°^°s i^a. bi§^^ ^seim, 

e^euoi as s^, muoi §8 bi§ ^q|oi oiini^Ais e^sxieh ah^ cie §?, ch¥^oi uisn 

m ^ oil gsis^ oiim^Aieoi gg£ixi°K ^ai^oi o^y Jie cmi ah *jai^g e^^s ciwsoi oi§§j sjsjoi 

£101, bl§g s|ttK)l ij£j£l*f: CUS^eJ 0\\J\ TFT LCDU SOI S30ICK ttWSJ X|gJ£0|^ §SfS ^°|£| ^§£0| 
11^^ S^SOIU bilOISA|(vacancy)^f SSSIXI 8*°W aw §^ii^ a J ^aSfe 2§ 2J0|°^U. 

SXH, ^£1^ SfSfSI §ii ^fS gfiAlohfe XII TFT LCD 21 SOI 01 Ch TFT LCDU SOI2J 3?, AISOilAi £Js 
o\£i HI MS ^dl^ ^^°l M^OI &S9 OHHI^AI eoj X1IM0IU. SS^ej TFT LCDU SOI2] ^ 3 Oil AH ^BI^M 

s*st ^eh^ s*rsha. ch^oi bigg ej^ss f^a. n en ah, *jai^ a|a[£i mmm aiscki ah dtafb xjim 
§eh2j oiini^Ai^ o^e^i ?i6^oi &s ^^^ej ssoi Ahgan a^m, 01 oil orja* s*s oieoi ^oian am. 
£ oi ah <yaie ^at« gsfr»fc MmsLxi. 

MZl^m e^o^l ^ioHAH^ °!XH ^^(source gas)M ^d|6H0t &CK *Jaie gSrOil £10] Ai i«^og j^v 
SJOI AhSofe £^>:Ste AhSJ£!(SiH 4 )OI aiU. &§£(chamber)B OIISAI^i fl, ^J^M &SSWI ?gjof2 

SiH 4 + 8 (heat) -> Si + 2H 2 

A^^JOI a^aH(pyrolysis)£JOi ^ai^^ ^ Xf-^EH 01 XI 21, ^I5h 91011 §^£1X1 ^EH0|H, ^aie Bit ± 

^ie ?is o\mm ^ si^i chichi pie^hi ^ai^e ^^6He ^^pixipi- ^as^u. ^aie e 

CEHxH^ ^§g£^ 400*0 OlohS tTHOife ^^2£ ^^(N 2 )S A I- g 6 HI El, U^S e^^ h CEH£f 

^01 ^§2E^ 600 r - 700 r A^OIOI^U, m*tV tIH2f ^01 u JIg£^[ 1000*0 01^^ S?, ^£ 

g^ioii m- ai M§ofb ^^.^ixii^f a§a. 

XI 1000O AhO|>IU 3 0I&2I 2Si 3?, ^^(H 2 )M Mfoli, ^ai^M e^5fe 60013 - 700 "C M0\m 

xi ^ ^xh, ^ai^e e^ofe m, e^i 5^1 sm^ bi-cm ^ai^e e^^u. 011s m&, iooor:2j o.ston-sj 

^^6K)ilAH SiH 4 S 2sccm(standard cubic centimeter per minute)£J H 2 80sccm^£^ 30^§2t 

oil ^2JAi3ia/d ^ai^ sisie asAi^ju^ ohusj e^seie m§^ci. naiu, ^ai^e e^ohoi ssai^ cm, 
^§531 smsi 5>!2g 6ni a^n oi an ^h°j she oi^ aigoi ^01 mn ai^s ^oi si6ni°j § 

^01 4- 2101 AH §iJS> H| MM Xjl^^ ttH A^@U. 

AISOIIAI ^Sfe TFT LCDU SOI2I sfS|g Ql§ 5Efe Bi§ sjstOICK LCD H^SiEHU HMD(Head Mounted Dis 
play) Oil Ahg£l^ TFT LCD2J ^ai^ B^SOll J\D\^ M§0| 18 ^°IO|Dj, 01 ^ XII US i§§ AfgoU 

0^ aiSfB ^ BCI. SOIOIIAHS. SIMOX(Separation by IMplanted OXygen)U ELTRAN(Epitaxial Layer TRANsfer) 5E 
^ SMART CUTOILh BESOKBond and Etchback SOI)£* BB| ^ai^ 8^3301 Hfish sOS(Silicon On Sapphire) 

s^, eoH ^'aie 9i§ m^mo\ g§g£b cn^ 9000 - 11001c a^oioiu. 

^4 oil ah ^xng, §i is ^aie e^oFais g§2£^ 0^ ^ofo^u. mm, ^§8£i ^oiai 
Ms #8 ^ai^ ei^e e^oha £jxi°i, ^^gsoii 1221 gxib ^^^^^ h^^oiqi, yeoii w&m s§£ & 
o^xuh uigoi g^Fof^ii neHAi, ^aie ^o\m e^ofec-11 sissi ^h^o^h as 2 

^SIMOI in^6HSH, 3 §3f ^8 S£01l/d ^aiee e^Sfe ^S2£ Maf^O^M A^§& PECVD(plasma enhan 
ced chemical vapor deposition):^ 3HBS2iC*. PECVD^ BfPSnKradlo frequency wave)S A^SS^Ot Maf^D^S 
^^AI^lAi ^Q^M e*T6^ ^SOIU. Maf^OFb 0^ 8SE3E2 SEfe 0^ ^8 &^S30I|/H s| 
^ v ¥16H Afgohhr Mdf^D^ 0^ ^S CHI AH ^9Cf. PECVD^ 2*^w OF^ &EH01IA1 afCl^nf 

^ ^e^i^isj ^^^m Maf^so^ m^mM^M i^ofb ^aoiu. nanu, pecvds eeH e^s ^i^ioii 

= ^^01 aOI ««6HAf sn-01 Xl^'ohXI %o[H, fi|Q|£| 1X1 &0hAi BOI Ahg£|XI ^5H2 2iD. 

a*Q|OII e^OI ir«g«H ^^21 HUSAIBIDI SS2S AHe^i ?Htta ^£0I RTCVD(Rapid Thermal Che 

mical Vapor Deposition)OIU. 
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RTcvDfe dim^i ess e^s^ gjgoia. ch^ssi sjsigsvagg ems sxiie ^sk* 
gsrawiB. rtcvd^ d\B9\ s^ow\ ^sskm e^Ai^ia. nen/n, sits m¥*= 

RTcvofe 3^6^i m^mm ^aspi llh^oii 3^?& a^tfin JieoiiAj aa&a. 3^ assffer ^aie ^ 

5|0il g^(stress)M R^AI^AH *J£|g s^s Bl§ SEHSPISPfe tt^SgEHOII 3*B3II SO. 3£|H, 
ggSffe 31 Shall- BWAK)|2| ^| S CHI AH ^^31 «»AI9|DJ. 0IS °J6^01 s*s> ^NOil 5|SM ^Slf 3?, SI 

soil ±^z\\±m Dmo\ ^§ab a am «3ii aa. h^ah, oi an & ass*s ei°h ^sai^g eom, ^ai 

s a|o|oj g§§ B^gOII HENS £t*5PI ^ioH AHS^ &S0I a^EIOJO* ofe 6f»0ICK 



itgoi oi¥3Xt 8fe 

& *g§ x^oiiAi asshfe swsafSM * 3 9x1* oig§i ^isa^ 5ie »o. 

£ 8t8°l OS ^£ ^dl^ S|S|2J lit ^gJ 4> 2ib SWSS!" Sxl §^ 3 SxIM 01 SS ^Qj*ll£^Sg HIS 

e bssi ee a§ ^e lh?i ^ashxi 3^3 =5&iih A^s^oi ^s»££* D\x\\m mgm 

A|5Mb ^ °S »Ch 

01 BgSPI g g^goil CftB §xl£r ^gS(furnace)S ^2J£l£r eiS^SJ ^£ 

S XHOiSfe *1ICHV£h *mS(furnace)S ^BSFte £PI &mSM ^X|A|5Hb S5¥i 3& 

8hO| Ol^Oill^ »a[g*KChemical Vapor Deposition)SflO|| &OUH; Dtm^GU OfOIBSHI- mm&XW 5^3 

gJixiie s^ifAi^m, j i em- ^ssj ^chiahsj e^^e goi^ soilk 

^ &S0II m^E: DmiB^Ul- ^^^l^l- 915MHz LHXI 2.45GHz AhOl^j ^Ef^M 

^ §oi a. 

^ ^SOll WtE ^^M^*£2\ QB £>^| 0^013^^ ^^^1^ 250W LHXI 250kW M0\S\ m^m ^ 
SOILK 

^ CHI CE^ ^^m^^^oj ^ Qm AH | ¥ ^ Ah^| ^2^^2101 0.00004 Ol^o] D\&m M^o[0\ 

^^m g^afb §oi a. 

^ chi wt^ se dfe Aji^^ ^oi 3i&^ ^seoi 3.o oi^ j\&m Mmo\o\ 

m^r soi ci. 



oi 8K E^i s£s s vaoii »afs«f s» si 3 sxim oise ^otflisaHe aas^is em. 
^ai^ ^q| S m ^sy =j > ^^h^oi g§§ ean ni^s^ i§o^ b soim bi^a^ai tft lcd, ccd m oien ^hxi 

^ 2AIie.K ^ ^SCHIAl^ SOI 5§i 011^ MOi ^Sl °fCK 

SOI SS01I S^Ai, SOI g§I RTCVDOil CHaHAi a XI A1#*hQ[. RTCVD(rapid thermal chemical vapor depos 

ition)^ ^g^2| 3 ^6^1 ^^6^ m^o[±= H JS^AI, ^&_^oi ^(heating part), 

vacuum part) 3 £13 XII CH ¥ (control part)^ ^P^^CK RTCVD^ Oil AH UiSS SdOII £J5H ^h^Slfe ^^IM 01 
§^ CVD^g2| ^e^SAH, g^M AfgohQf. » CHI SlSh S£ ^>^M0I 300TC/S Oil 

3 ^6^1 y§S(furnace) LH¥M ^hSAI^ia. S CHI AH ^ RTCVD2J ^e£J RPCVD(rapid photothermal chemic 
al vapor depositions Mgo\0\ ^die e^ehD. RPCVD2I RTCVD2I xhOISOIBIS, RPCVD^ ^J25 

L«¥°l ££M «& OfUa, ^^^^(source gas)0il S»S a»U ^X^M ^(activated) AI^Ai « 
SOI ^^| iJCHbr ^ W^sfOII LHXI (activation energy) M ^^C*b §010. 

S ^SOil 5fsie^&xl^ ^e^(furnace)^ ^^£1^ ^^^^21 XjlCHBf^ XjlCH^Sf, &ie^(furn 

ace)M IH^Sfe ^^1 &hSSM SS^EHS ^X|A|5|^ 0| = OH XI ^ ^«^oj RPCVD &x|2f ^ 

ai 21^011 iSBDf ^^SSxKmicrowave generator) M S^oFOH ^§5 LH^CHI ^012i^ ^|&^ ^ 

£ie §1 ^^6H ^Lf. 
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^EX SgBCh BB^Oil ^^J£l^ ^U^fcr B¥^B *1SWH(quartz tube) LH Oil flfflfif }|&(10)?1£ S^CI 
. OlffH. C¥^B iHb e^2J£j(near infrared) S 2* oil ^o[S= SdlfSOl CH^ ).0m)m ^£SA|3|01. gJ«9 

^§^«(quartz tube)M §3}oi0j ^ISf^Ei S^ol ^iA|^!L[. Bg^2| iiOil^ gH^f MOH2£01Ai yg£ 
LH2J ^SSMI ^XIAI 5*1 4^01. e*f£20ll CEFdf BS^ LH2] B^A|310r- Br 3?, LH2| 

»SrAIS5Ch £§SH^fe SMS/H Ef0im(12) 91 21(13)* OISWOI BT£2BS3r ^ 

§51^ AISj» Br £2!! HI H 21 AiPIM £g6*01 BgS LH¥ SEM 2E«aH5Cr. 

Eb B1499XI (microwave generator)^*! 2.45GHz2J = 2 Bill- 8 &4BA|3|Oj. ^^1 01 EH =*!S] 

^ 2iCH/d XB ¥5 21 Oil B§£2| 2X|«o^ ^sBUfM ygAliJ 4* SICK ^£B»te ^S^H(quartz tube)g 
e^fohOj y§5 21011 feOISlfe XBOil £A r (irradiation)£!Cr. XB01I 2EAhS ^5BHfb S^Ste &rS| §1 

3rSA|9|(H ( BfBj- # ¥5011 gtS^lfllfl ^^5|A|^^H Oie£(mobility)£ ^J\A\31M Hfat m^M £2f^Cf 

. nam, s§§ ?i8H wes ^b:di ?ib ^oii mchs^ ^m?\m xiiiHapi askh, ^ s§§ ai^spi 3, 
^aa- pie¥E2s ^seiae ^ai5n ^m?\m mgmM3iM ^soiu xb£^¥eh oi^ai^i^ ^si ech 

5E 2^ RPCVD U|2j 9l5r¥5 S^M UEHJISCL ?ISf?525 £!0|| 2] oH » (activated ) £1 CH J\ 

& mm i^CI. 

MOIU §^?S 0^ 9 B§6f01 3^ gf2| ^SBM goHAHE gf2| 801 »«&CL SEB. ^S3I 

oil ^sbio* xahB as mm m^m sb omah ssoiilixpi- mimo* ^som d\bh as :*iboiiai oiesr 
oi 015 H52^ 31^ s^oijii a a. nam, bis^ en eoiiAiSE ^£Bnr» 9 y§o^ euoi £i°oi. ^bi^ 
hi aoi ^2^01 ^ §i8 ^sb»» a Ji§ bp-. m\\M, ^ai^ 91101 noil ^ fc soow2j ^sbimi £A*a r B 6 

OOT^hXI ^^ohffl. SIC2J 1500t: ^Xl &^§ha. ^ ^SOUAHfe SiCU ^dl^ ^I0lffl« A|g6FX|^ 3t 

xi b. ^aie stem e^s^i emboli ^ioii e^s^ gzm mm 4=m aiD. 

RTCVDOil 01 s} Zl^oi- ^§01 ia2°£, OIXil^E^ SOI S§§ mm & a JSi ^l^thLK SOI Oil 
. ^, RTCVD^I- ^§£1S101£, SOIM XH^ohBj^ &X1 ^dl^M ^l&0| ^SohDI S ^SOilAH^ A^mOIOi ^1 

&i A^gSIOI ^dl^e g^ohBII) o^CK Aflll- 0|O) ^ie^ d^dl(preprocess)£[0| Ahgg 4* Si^l CDi^Oil e^Oll 
ZIBeh g§§ 5H^0i0^ &Cf. RTCVDlt OlgohOi &X\^Dl ( - )21 A[U[0\O\ J\B 91 CHI 

l l O 2 

oi (ooDei ^aiee gSAispi mm, mm^ si-oi a^eioich s^2i oie^m hix^ho^ ^q. sf^*j 

eaH OlM^e X-IIXoiaiB, 21Xi MdlM^^Olll^(Trichloroethylene) ^Oil AhHhOICH ^ k 10^ § 

£ soi^oio^ em. oi mm A\mo\o\ j\m mow mo\<&t= ^\mmo\ x-iixeick n on, afefoioi j\b m 

Oil yOfSi^ M£ISSSOIIi!e!(Trichloroethylene)S fll^o^l mm 0hAll^(aceton)01l g^Oil &3H 10^ 52iCf. 
0| 2f§0l iU3 S^Oil yo^b O^Aiiee HIXS^I ^aH Oil&e(methanol)0ll e^ioii 10^^ SOI^H, QM 
OH&M(Methanol)M HIX8PI ?|6H ^Oi^CI. 3£|H, if e^AI^IH AhUhOIOi SS01I MCHSi^ 

^e^lM XHOIo^l ^loH g^^l^^ >j^A|3IIl, H 



2 S0 4 2I H 2 P0 4 ^^ 3:1S 412] e^Oil BO* 150TC2J 15S 
^ 52! ¥i, P-AI ^^^^^ ^SAI^AH ^EI^M e^o^lOll ^g>?il ffP-. 

AMIfOICHSJ xHdPf D^aiSJSl^S. e^s mm L4i¥0il AhHhOiCH ^IBM g^Ch £ 12] ^g^Oll 

AhmoicH i\mm ^i, ^e^2f shi ^^ai^i y§g boii hh^ai^ ah &[§g m 

¥ ^^&M, ^H(C)M ^eAI^AH °J§^ LH¥ ^OI^D. &ie^2f @H ^OilAi rotary pump 

■ OlgolOI B2J ^ 10" 3 torr S5E2J 5!S^EHS ^X|6H! diffusion pumpM OlgolOI ^ 10" 6 torr 

21 29| ^l^^iSg ^XIAI^iO. 

yg^2i ^^31 boh ^oi&fe mu\o\o\ j\b s^oii^ ^mJ\(H 2 ovi mo\9i^ ^ehoiw, d\b s^oii 
^e^i(H 2 o)^ si2i m^m ^mmii m^m j\b ssoii moi^^ ^e^KH 2 o)M ^ixoHot mo. m&^zi ^ 

mm Q&QUMtz ^IS Bg ^f^SIBAi ^^^f^M a^^CHAI B^s- ^B3f 91 B SB Oil MCHSi^ XII >1 

61- XI B, S gJSOII/H^ ^SBIIfM AhgofOI 4^9IM XII X^Q. £ 22J EB ^sBEf ^ k ^9IM g^OIBAj 

^B3f 9iee »8H ^sbeim ^A^ohB. m&ms\o\ 9hb^^¥EH onmw, Bg^ ^ B ° ^^Bmoii 

21oH 9Fg£H EES^I £101 4^912] ^BOItTM £2}^Lh BOil/d 0I2XH^^S s^lOlfe ^e^lM ^ 

U1SLH9I mm &!§^ &2S 4^^ 1S eB 80 sccm(standard cubic centimeter per minute) 2J 

^SA|3IBAi S51 ^§AI51 4^g9|2f 4^ 2¥ BgS LHStUCf. 
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= Sei»2} ^±J\±g. &l§5 AHUOIW 5 £011 If ^ e^^M Hl^si- fli 900 1: SSOII/H 

SiM ^6H 4^(H 2 )S ^85 ^M3WM ££ol Ui¥» 3^A|31/H ^gOI SCWkT 4^ 

S?PI£ Cm. 800*021 g£2f 0.5 torr°J ^oKHIAj 35^ 99.9999%°] SiH 4 S 2sccm2J ^£ 

3. H 2 b 80sccm2| ^2JA|5N Sfll ^2J SS^S^ 82sccm(H 2 /SiH 4 =40)01 £J£^ ySS(furnace) & 

oi mi. £ 2£i E£j %*&J\m sfgAi^i ;>ie ¥eoii ^eme £a^ck y§s e*ss ^aa ^^r^ei 

MgJ£!(SiH 4 )£ g&6H(pyrolysis)£IOi ^S-ISJU ^6H£Jffl. ^2BHK)il 2I6H gS8IP> 0\L\E}. m 

SiH 4 + a (heat) + hnu -> Si + 2H 2 
Si + 2H 2 + hnu -> si ^ 2Ha - 

^2&m01l 21 6H »gSJ@ ^Bl^ a»( si a ^5H& ^die SXKSOSP- 0ISE3I- CH 5HA1 AhUhOj CH D\B$\^ 

OlSff ^ 2iCf. ^£19 ^dl^ 4^31*11011 2|6H AHttOIW 31 B «£ S^SIO! 

Amnion :>ie ^ chi g*fs ^em^ s§^§ ?±o\m ^e^ei ^eh^ ^oiiAH g^ejp. se^ei as 
jib chi ^ai^e s*f»e cn^^oi /deb &eh^ °icHAi, yis lh^^ees mz\^ jx^m mm 
^aie oiesM miiMBiM *jaie ^x^moi g^ois^ ohoi i§^§ 3*^1 ^ck ois ?ioH ^ 

Bja sjojg ^§^01 §^ Oilul^AI §EH^ BISWeiH &}§g LH¥ ££M 1100*0 0I&2J £SE^ ^OIH A| 

21m &MZ1 S^AI^Ot *hCh OilHI^AI #oi ^ZiP. OI CHI S ttSOIIAI Ahgsh =s&ni- 

te WIS Ui¥££M ^3 S£IXI 82 e*S3l»IS »a»A|9|2 0|g£M S^AIS/d JIB ^ CHI S*tS ^£l^ §1 
»SS| »#A|£!P. DSHA1, g «aO||/Hte ttgSSI ££M 1 100*0 0I6T2I 8 El XI 

^£ S ^SOIlAi M§o| ^£B»2| f§§ 0h2H2f ^CK =2&Efe 9} »[Cf. 3£HAi, 

^^M^HI a J§o[Oj lit U2AI3|3iLK g^lOMI °}^LI. OI CHI AH g0| ^^^Q. MS 2J0il£ 

SoF^SOil 2J5H LUSSFfe fg£ e^lOITil E^SOIAH II ^^AI^iQK i^o^l XI d s^lb 

eoi aa. hbhak ^^eoi ^sbm mmM &&mo\ m mn\o\\ =>&&wm smsi-s &e aoi 
g^cf. n □s^oj oiiei mm m§o\o\ ^safs Limit mo. §8 ^2^01 810101, ^emii-s* 0^ g 

E^CK 2X^X|£J Sdl^ ^U^3h 2.45GHzei ^SBffli i^A|5N M^X^2f &[§of}|| &H^M1 i^ii 3^6fe 
510ICK ^2&Efe 2XIILI- ohx-JI 2JCHI£ 3|X||2f£ ^§6101 ^^AI^^CK 

^2&ni-2| SE DfE 3|^I^XFS S^lfAl^iDf^ SOIO. ^^sl^ £f^^§ S Mdl^ ^g0| « 3)1 ^OiU£ 

^ 88121 LH^OilUXI^ ^0^ ^EHS 2I0ISCF. Ml Sf^^gOl ^CHU3| ?|5HAH^ «^»0||U|XP|- SfiSHM, S 
a»0HLi WPI- ¥^e^ ^ EH Oil Ai ^ ygOl 8IWUXI 3BHA1, #^lfA|^^S S^USOI BOIU 

a. 

^ ^SOilAixHg ^5Bnff A^gohOI yg^lXilM #^5fA|3l^ ^01 «^3|x-|IM i^tfA|3UH e^oi- 
fe SSS 01 01 Ahg£| 01X112 acj. n WIS PECVDS 1 - ECROI 5Ua. PECVD(plasma enhanced CVD)fe aciffiHKra 
dio frequency wave) • 0IS6hOi, ^e^lxJISl MBI^Qf ^EHS 2imO\ ^^1 e^Bhfe ^SOILK OIS 9\ 

6H AH , ohoj ^EH, ^ b 1 mTorr OlfihS ««0» »Q. 0|2f b|^& ^>^2§ S»3|W« 0|§6F 

01 Mif^DrM ^^AI^AH e|S|e e^A|5Mi= ECR(electron cyclotron resonance) CVD3I- ECR^ E4- 

ci 2 nf sci Mei^Q^ ^^sMoi ch ^^enn A^g^cf. oim e ^ k soi 31^21 y 

^IxllS mgmM3\D\ mm 2,^m 0^ ^O^SJiQ^ SOICf. OIOII &olO\, g ggg 1Torr LHXI O.Uorr g¥iei 
^0\\M5. VlBllXiim ^^IfAl^ ^ SiCffe SOICK 

Mx-IIS 3^A|3|H ^^5|A|^(^^ ^S2J0il ±±J[±2\ 0| e£(mobility)M ^01^^ ^S0| 2iCf. 01 = 
£^ ±±D\±Jl ^9\9\ Cf^ S»U SXF SE^ 3I&01I 2J5H gi ^£|XI 82 g^l^ 4^ 

s uam?fe xis^ah. o\mzi\ m^m xi&mi\\ m^oisai s«faoiot m $\x\^ &t\\ oiga^i so. 
£M ^oi^^ ^om, smb oh^ ^tii 5101 cf. 

s§ gsg ^oiai oissm e^upib 011 s ah . ^aie chi 111 ^ aim e^s^ cdi. ^E.i^£j oiese %mo\ ^01^31 

^lohOI °* 1100*001^0^ fe0 |b ^SOI AFg£JI2 SIP-. S§g£i ^OI^S, &XIU ^XlOU OIILHXPI- 

SS£|01 Ui^OIILHXPF ^OFXIH, iJ^OllLHXIb Oie^M ^\M^M 21 Xm SXf^h X^e^l g^i 4- Sife g?l 

^ch^ip. oiesg e^upie sixm ^xpi- u^e ?i»oii g^sioiAi *to*2\ mmo\ go^im. oiiizmAisi- aoi 
^s^oi §g ^i^e g^spi ?ioHAib ^hai e^e^i^isi oiese ^oi^cho^ mo. nam, gggti =oia 

2 5 §0il AhgSb Sdl£ H^OilAH A^S^ ^ £fe SblOIOt 6fH^. SdPl-^01 ^£[^11, H^5§A| S 

§oi sxii^ei aigg ^&si e^s^i sp. nv\M. ^^^sxi ^soip. 
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oiete $z<x^ a ob gfS2g y^fe ygoi &ck y§s msi b?i ¥eis aa 

£ 40h Oh^ 331 ^El^ £J?il g^0|£A1 dhS 9\x\0\\ i^CI. 01 

AhgohOI 0^ SS& ejajgSrS ohbr gJS2S MBE(molecular beam emissionph SlCf. MBE(molecular b 
earn emission)^ &^*m ^§ VimOiM ^dlE SJXh3r §^ol OI^S 4^ Slfe 042M EJSOJS 

o^Mi S*ta SO. 01 2f »0| a** tt^BtQ 0^ £!§§d12f BHSdl^ UfiohCh. 

S!im ^Xh2f 301 ^e^l^lM a«»AI9i:HU 0|§£M B^AI^PI ?|6H SSSEEM SsOI^U a^e 0^ 
^gg dlgOl SfOI en. 40^£J g§0l HfioHAI g§0| 3W£!Ch 

&mD\mm mg®MB\nu oigss §?iai3pi $\m. jig sai « ass ^beim a^skm ^g?ixiie 

aSS*A|3lfe gAIOII 0ie£M gJhAlfJ 4- SACK ^2BEhS AhgShS, ggoHSB OhUBh ^ai^HI 4>±§ 
If Al 34 AH Ah^eUSJ SS8H* ^SAI^m, ^E\B9\ 01 g£(mobility)M e^fAI^Ai #^E|£f h^2| M§J^ ^01^ 

a. sESh oissu* as ^ai^oi s*tgoiot a axis oies^i ^cn^ich. aaieoi xiixhEioii s*tae! 3ie 
^qimoioii agstfe seat soi ^ai^h mchmdi. se, «w xhxii lhchi ^xiioh^ gsa soi ^mai^ee 

b:hiscl 

^3£&W2i as m&m oigohoi, s ass y§g m^e sootcsi ^xish:n aaie stsjs b«W2!cl 01 

IIH, E2J ^^BEh ati!2IB Al 3=1 AH , B«e ^5BHH A1-UJ-0I CH 3ie¥201l SAl6hCh ^2BE^ S!^Lf ^Xh 

m *!^AI5N AH mm a^SAIEJCh °d^2S, ^2 s (dielectric constant)OI B4>4 Jh^OI BSCL 32UA1, 

§ 80)31 301 &&mo\ 01^ ^ 6&I2K)|| 3* a El XI 2h 13)0IU AhEhO|CH(^2M 10.5) 3SJ 

^sBEfOII 2IK gg2| S£&*8 OhBH ^131 3Ch. 01 J I AH ATb &B8SE. fte ^2EBEh°J ^E r 4^. p £ 

0 r 

dielectric constant). t an5^ 8S £41 ^(dissipation factor), Efe 33IS(e1ectric field). Cfe UIS (specific heat), 
p ^ 3EE(density)0|Ch. 

AT= f • e - tanS • E 2 

r — x 8X10" U 

C • P 

01l» MCH ^S5fS Limit iHLh &± Oil ^Eie 3ie# 2^ = ^ &h HhCHI 2J°[ 3fg^£M ^§6^1 ?|6|- 

01. 2.45GHz 500W^ ^£.1^ D\&0\\ ^3i&mm 5Af6^, ^ 550 1:^ ?HSC}. 82S AfEfOICH^j ^^2|g 
^ 0.0010m, U\m^ 0.18cal/g-K. 3.98g/crrfOI K . AUttOI 0\ SI (HI PISSS M§t ^ ^S^IEh^ 3?, 

SS^2|g 0.0000401^1, dl^^ 0.17cal/g-K, 2.6g/cnf0| Q. ^£|^°J ^2^^^^ 0.0020IIZ, ^ 

0.2cal/g-K, s* 2.33g/cnT0l Of. 

^sbwsi m^E: J\m^ 2^, ^, 23i§oii dieii^a. hbhai, ^sj ^oiiah spissi ^i^^ ^ ^^Bni-si 
m^sj a soil biamoi ^s^f greera sidisfch. ^^b^£i ^oib ^bi^ ^ies ch ^aa 

S ^SOilAH^ 915MHzO||AH 2.45GHz2| S^M ^^BIIfM Afg^Q. Hdlll, HfgOll 

g 2.45GHzOi 3|^°^ 6f£, ^aie e^&.^0| 0I¥CH^ 4- £l£r ^££1 200 1:^ XI 3^A|^ 4^ 

^, 25owoin. ^aise e^i^ ^ ^5E2J hootc^xi 3^ai^ 4- ai*= 

^. 1KW01X1&1. ^e^^f ^^om ^^1 ^a^oi oi^chxixi a-ei-shoi skwm iipi^^o^ ^ 

Ch. 915MHz2J =sBHfS 3|^H^ 5J^^^^ 700 WO I H £jQj#^^ 30KW0IQ. SEeh, OI^IAH 2B1 

^ S^. ££^^1^ Oie^^^AH ^^sh ^^en^f 100% 2£^^0II 3|0i£[ 51^^ ^h§5SiXIB, ^ 

Xil ^S^OllAi Ahgoh^ ^2 Bill- ^«§X|fe ^SSSCHI SAfo^ ==EBIUSx|SJ CI Xl°im 6^ ^^011 CE[2| ^2 
M^°J &£^^0|| 31015^ =sBEh£J ^ (ratio) £ QSoPI OH ^ Oil SJCH ^^1 20ICK 

^^BUfOil 2| MX-II2J SS^^e dim^ Ch^ 3^ OH Ml Oil ^£^^SCf aMOl ¥4-6hCK Ui¥2J ^ 

£M 2^6^ ^h^S MBI^DI- ^EH^ BMOH g£M aai^U, ^31 OlgohOj ^g^Cf. ZldH 

U, Mdf^DhM flltia 3?, MBf^DhOII 2|6H P|»a ^et¥«2l 3» ^^6^1 CHgH UI80I STOI ^CK 3 

b. ih. s^i M§a mi£ ^ieom ^^^a^ ^^21 ss&^oi ch aa. 01011 ysfoi ^^Bnfsi s 
¥, ^^aab Ah m 01 oi ^ienf ^b.1^ ^ar^^oii ch ^ a^sw, ^dh^ ^^ai^pi chsoii 11^2 
s 5isa ^die hjo[ #e ^aa 4^ 

^^BnhM Aheshoi Ahmoi ch ^lea ^sj^ s^ei §§ Dtmm w, Ahmoion se§^ ^35?, §^ « Ahiifoi 

01 ^2.1^ § AhOI CHI gJOl ^MSI ^(residual stress)^h 3H2J ^^6hXI dtH\ ^Ch. 3£HA1, ^ * 

^^ohfe 01 All 3^ (micro crack)^ ^^01 a 48 SHI dtH\ BU. 

^5BHfb ^Ef^^h dim^ ^rZM ttH^Oil s Ml Oil 5 Ah £j SIM S? ( ^^BEh^h 4- ^0|^h ^X| ^Ch. m 

^2jo S ^xh^iEh^h e mi oil ^Ahasie hh. sfgb ^okd)^ ciem ^a. 
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_ X / 2 \ 2 9.56X lO 7 , N 
r>=— — / 7— — \ ~ 7 (m) 

271 V s r • \l H-tan^S J f V/e r * tan8 

^oi, x.^ msoim. nfgoi as sxpiiil = as^i- sx^imfe s^oipi- gra. hshai, 

P* SXfPIHffe ^WS SSIIB Sj»6*XI §6fi, £!§40> SXPIII^ ill S3B ^ SHCf. 

Bfafs V^ipi- & k Pi [me oil m¥^2i axpinpi- a 4* «°m. sxhPimoii 21 » ss^s s§4o* 

?j01IAH tffflS fcttSf HOI g VSOIIAI^ ^sBIIhB MgohOi H^B S*T8HaCh 800t;2j g£2f 0.5 torr£| ^^51- 

Oil AH 35^ ^2} 99.9999%°] SiH 4 M 2sccm2J H 2 rr 80sccm2| A|31 SHI P^2] 

P^ 82sccm(H 2 /SiH 4 = 40)£J£^ eh ¥1. &tSS(furnace) PJ^S Pf^S ^BI^E/d ^S&EfM Pie ¥2011 5AI-6I- 

2. ^die sjsjoi §^a. oi EH. ^5&ni aasxife f^ss 01 -otis Aigi 4* ^01 s*ta 

Pie Oil ^SBI&B SAhBSS* CHytj (annealing)^ ^£ gxHdl tf ^ Sl£0f. Oi^e 5H8H CfE SxIS 

etofoi s*ta :>ies 831X1 sots ssoi ao. 



01 ^ Oil AH fig& bf-Sf i>0l, S 8*9 S blUl^ £^ Oil AH ^5BDH AhSoKH gtSJISIB P^AI 

piu i^siaipuh a[si s*tai h^si §i§ s&ai^w, «t°»-oi s^st Pieiu- ^qi #e p^am Piem ^ 
qi e Moioii/d ^ v ^6fe pile m^m mo\^o\M ^ m?\o\\ mm =?&m s?, sj^ #21 aie^e ^xisfo* 
^01 sjst §s[? g^sfe #21 DiAiia^e sxish^cl se&, ^ #e ^^enfs ^bbssmi. ^ m m 

¥ Oil AH tt»3*te M^M #01^^, ygP|«|2) 0l=£S S^AI31Ai ate* #011 tttilShb mi 01 SAI (vacancy) • UIS 

» bbb smsck sek. ^p^ei ^xnai g§ ai piee 01^5^ moi^^i, «ie^ ui^oiiah ^sbefoii 

£|°h ^ xH E-l M P^ShPil s[C[. 01 &l S^sh ^ov P^ShPII oH^Il, ^EfHJ SZiOil 

ah m^m ^ zi^m s^^pi oh^chi biee ^^aipi^^ sii ^^a. 



(57) S^2| Hfl 

a?» i. 

^g^(furnace)^ ^^£ife &>gP^2J XHI CH Shfe X-ilCH¥2l, ^^^(furnace)M P^SR= P^¥2f, ^ 

PI y§^f 5!5^EH^ ^XIAIPI^ 5&mOi Ol^OiXIfe »SJS *KChemical Vapor Deposition) Oil 2i 

m 1 noil ccf^ p^¥0ii afoia^ni- mwm s&s^ m^g^sxie oigsfoi ^is mnj p^^oi ^ 
e^Ai ygpi^ie s^ifAipm, pi em ^t^ms\ Pii^oii ahsj m^^^m mo\^ urn m%°^ m= ^^xiis^s 



S?8 3. 

HI 2 &0il aiCHAi; 

^pi amia^m i^pife 915MHz lhxi 2.45GHz mo\°\ ^n^g 5ie ^s^^ ^^xiis&s. 

4. 

HI 2 SOII ^01 Ai; 

^Pl OfOIBSEI- ^^Plfe 250W UiXI 250kW AhOISJ ^fe >}M offe ^^Xil^^S. 

5. 

HI 2 SOII 910\M: 

^pi Pie^ ^2^^2101 0.00004 oi^oi Piee Mmom m^ottz 5^ ^^hi^^s. 

HI 2 SOII 910\M: 

d\bs &&mo\ 3.0 01 & piee Mes^oi ^ote e^ste ^s£§ ^^hi^^s. 
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7. 

M 2 8T0II 9XO\M: 

3^PS8. 

fll 2 &0II £101 /d; 

9. 

M 2 SOII 

«jcn ^o|oj| e^£J^ ^|SQ^(Ge)OI 5^9 SJSxIl mE°l ^SHS o\$= S|Q|«I2E&S. 
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